ABSTRACT Thirty-nine electronics workers were investigated by bronchial provocation testing to soldering fluxes containing colophony and were followed up one to four years later. At presentation and on follow-up each worker had nonspecific bronchial reactivity measured with inhaled histamine, and also had detailed measurements of lung function and estimation of total immunoglobulin levels. They completed a questionnaire designed to detect residual disability. The workers were divided into three groups. Twenty had left work after their initial diagnosis, eight had been moved to alternative work within their original factories, and 11 were thought to have asthma unrelated to colophony exposure as they failed to react to colophony at presentation. Histamine reactivity had returned to normal in half the workers who had left their original factories, but in only one worker who had moved within her original factory. This suggested that the nonspecific bronchial reactivity to histamine was the result rather than the cause of the occupational asthma, and that indirect exposure at work was sufficient to delay recovery of histamine reactivity. However, only two of the 20 affected workers who had left their original factories were symptom free on follow-up, and most had a considerable reduction in their quality of life by continuing asthma, which was particularly provoked by exercise, respiratory infections, and nonspecific irritants. Continuing symptoms may have been caused by domestic sources of colophony, or possibly the failure to eliminate colophony from the lungs.
Occupational asthma is usually caused by exposure to a single agent, from which a worker can be removed. It is often assumed that removal from exposure results in a cure of the asthma, although there is little documentation of this. It is difficult to provide objective data to measure disability from asthma. Infrequent lung function testing is generally unhelpful, and is often normal in workers with occupational asthma when measured during a day away from work. ' The hallmark of asthma is variable airways obstruction; episodes of obstruction may be triggered by specific extrinsic allergens (such as occupational allergens) and by nonspecific stimuli such as exercise, cold air, and respiratory infections. Asthma induced by these nonspecific stimuli may be severe enough to limit seriously the quality of life.
The aims of this study were to reinvestigate a group of electronics workers who had been investigated at least a year earlier. All made between sensitised and nonsensitised workers. The 13 most heavily exposed workers showed loss of elastic pulmonary recoil compared with 42 less heavily exposed workers when measured three years after the alcalase process had been stopped. The present study was of selected workers who had been investigated by bronchial provocation testing in hospital. All workers, including the controls, were symptomatic on initial assessment. The final diagnosis in the controls was asthma unrelated to colophony exposure. It is very unlikely that the controls were missed cases of colophony asthma, as 82% were still exposed to colophony fumes, and only one had deteriorated in any parameter measured. Most controls were still symptomatic on follow-up, reflecting the disease present on initial assessment. There is evidence that the group with occupational asthma who had left work were more severely affected at presentation than those who moved within their original factory. This approach had been tried in some group 1 workers before they left work. Athough all group 1 workers thought that Challenge positive Challenge positive Challenge left work still exposed negative group.bmj.com on June 15, 2017 -Published by http://thorax.bmj.com/ Downloaded from they had improved since stopping colophony exposure, only two were asymptomatic. The group were predominantly middle-aged women, who often have some breathlessness as measured by the MRC questionnaire, but 13 of 20 had to stop for breath when walking at their own pace on level ground. This was often because even quite minor exercise induced their asthma. The exercise asthma was often provoked by shopping, such that 12 of them now required help with this. Respiratory infection frequently provoked quite severe asthma with nocturnal waking, neither of which had occurred with respiratory infections before their occupational asthma developed. Cigarette smoke,'0 paint fumes, and hairsprays may each contain colophony. They are all common nonspecific causes of wheeze in patients with asthma and bronchitis. Only hairsprays were a less common provoker of wheeze in the controls compared with the affected workers.
There were no significant changes of detailed measurements of lung function between presentation and follow-up. Lung function was measured in the middle of the day when asthmatics are usually at their best. Single measurements of lung function are again confirmed as a poor method of assessing disability in asthma.
Extrinsic asthma to common environmental allergens requires both homocytotropic antibodies and nonspecific bronchial reactivity." It is unclear how far occupational asthma resembles this model, particularly as IgE antibodies to small molecular weight industrial chemicals such as colophony are hard to identify. Total IgM antibodies are raised in electronics workers with occupational asthma, but are also raised in asymptomatic workers similarly exposed.56 IgM antibodies have no known role in releasing mediators from mast cells, but they were the immunoglobulins most commonly seen in the basement membranes of main stem asthmatic bronchi. '2 We have not found raised levels of IgM in workers with occupational asthma caused by isocyanates.
Increased bronchial reactivity to histamines has been found in many, but not all, workers with occupational asthma caused by colophony fumes. The hyperreactivity could have antedated colophony exposure or resulted from the sensitisation process. Bronchial reactivity returned to normal in more than half of those removed from exposure, suggesting that the hyperreactivity was the result of the sensitisation. This accords with the report of nine workers removed from Western Red Cedar exposure who showed improvement in methacholine reactivity on follow-up. '3 Histamine reactivity returned to normal more frequently in those who had left work than in those who had moved within their original factories, suggesting that the latter had sufficient indirect exposure to maintain their symptoms and bronchial reactivity. Although improvement was more noticeable in those who had left their original places of work, yet their morbidity was still considerable, despite many of them becoming unreactive to histamine. It is possible that they were still being exposed to sufficient colophony to maintain their symptoms. Possible sources of colophony include colophony brought home on the clothes of friends and relatives who were still working with colophony, domestic sources of colophony, and colophony inhaled at work which had not yet been eliminated. Two workers had husbands who worked in electronics factories who could have brought colophony back in their hair and clothes. Asthma on contact with exposed workers is a feature of highly sensitive subjects and potent allergens, and has been described in workers sensitised to antibiotics, platinum salts, and laboratory animals. The degree of sensitivity in the solderers was generally only moderate, and the eliciting concentration usually in the order of 0-5 mg/m3, as opposed to 0.002 mg/m3 for platinum salts, and probably even lower concentrations for the antibiotics and laboratory animals.
Colophony and pine products are still widespread in the home. Many domestic cleaners are "scented" with pine essence, and provoked symptoms in some workers. As previously mentioned, cigarettes,'0 hairsprays, and paints may all contain colophony which could be inhaled. Most domestic sources such as sticking plasters, adhesives and insulating tapes are, however, in the solid state; these are unlikely to result in inhaled colophony. Pine trees and Christmas trees have both provoked asthma in affected workers and colophony has been detected in the air around pine trees (C Edmunds, personal communication).
Nothing is known of the fate of inhaled colophony. It is not water-soluble and is a reactive adhesive, making it likely that it would become firmly bound to tissue. It is at least possible that colophony may persist in the lungs for several years, causing low grade persistent symptoms. Indirect evidence for continuing exposure to colophony comes from the raised levels of IgM which were found in exposed workers. IgM antibodies usually fall when the antigen is eliminated. Their persistence suggests that either there is sufficient exposure to colophony to maintain antibody levels or that IgM antibodies are unrelated to colophony sensitisation.
It could be argued that the workers with occupational asthma were all going to develop late onset asthma, and that the occupational colophony exposure merely exacerbated this. Brostoff" found an excess of homozygotes for BW6, a long arm antigen 
